The prevalence of hypertension in individuals with type 2 diabetes is higher than that in the general population. [1] [2] [3] In patients with type 2 diabetes, hypertension is considered as an important risk factor for cardiovascular and renal disease, 2,4 therefore, it is very important for these patients to strictly control their blood pressure (BP) as well as their blood glucose levels. The intensive lowering of BP in hypertensive patients with type 2 diabetes has been associated with the reduction of cardiovascular events, as reported by the Hypertension Optimal Treatment randomized trial 5 and the United Kingdom Prospective Diabetes Study. 6 Home BP (HBP) measurement has been found to have a stronger relationship to target organ damage than office BP in several population-based studies and prospective clinical trials. 7, 8 We have also shown that the mean and the variability of HBP values from the stored memory correlates with albuminuria in patients with type 2 diabetes. 9,10 On the other hand, we reported previously that the accuracy of HBP reporting was 78.6% in patients with type 2 diabetes, and HBP values from the logbook were significantly lower and less variable than those from the stored memory. 11 The aim of this study was to evaluate whether the mean and the variability of HBP from the logbook correlate with albuminuria as well as HBP from the stored memory in patients with type 2 diabetes.
total of 288 patients with type 2 diabetes agreed to participate in the present study. We excluded patients who did not complete the study protocol (n = 7), who did not obtain the data of urinary albumin excretion (UAE) (n = 4) and who had advanced renal dysfunction (serum creatinine greater than or equal to 2 mg/dl; n = 1). In all, 276 patients met the criteria and comprised the study population. The diagnosis of type 2 diabetes mellitus was based on the American Diabetes Association criteria. 12 The present study was approved by the local Research Ethics Committee and was conducted in accordance with the Declaration of Helsinki; informed consent was obtained from all patients, although the patients were not aware of our aim to compare the HBP values in their logbooks with those stored in the memory of the device.
Study design
We accessed a database of our previous study 11 to evaluate the association of systolic BP (SBP) levels and variability of SBP with albuminuria in patients with type 2 diabetes. We used average of triplicate measurements as a daily value of HBP and SD of BP as an index of day-by-day variability of HBP values in the present study. In addition, we also used variability of HBP among 3 × 14 measurements for analyses.
First, we compared the mean and the SD of SBP from the logbook and those from the stored memory. Second, we investigated the relationship between logarithm of UAE and the mean or the SD of SBP from the stored memory and that from the logbook using a linear regression analysis. Then, we evaluated independent determinants of logarithm of UAE in multivariate linear regression analysis.
Data collection
Blood samples for biochemical tests were collected at the hospital. Hemoglobin A 1c , uric acid, low-density lipoprotein cholesterol, and other biochemical data were determined using standard laboratory assays. UAE was measured with an immunoturbidimetric assay. A mean value for UAE was determined from 3 spot urine samples. Retinopathy was assessed by chart review and was graded as follows: no diabetic retinopathy, simple diabetic retinopathy, and proliferative diabetic retinopathy. Nephropathy was defined as UAE equal to or more than 30 mg per g of creatinine (mg g −1 Cr). Neuropathy was defined by the diagnostic criteria for diabetic neuropathy proposed by the Diagnostic Neuropathy Study Group. 13 In brief, in the absence of peripheral neuropathies other than diabetic neuropathy in diabetes patients, diabetic neuropathy is diagnosed by 2 or more abnormalities of 3 neurological examination items such as sensory symptoms, decreased or absent ankle reflex (bilateral), and decreased vibratory sensation on bilateral medial malleoli evaluated by C128 Hz tuning fork. Macrovascular complication was defined as the presence of previous cardiovascular disease, cerebrovascular disease, or arteriosclerosis obliterance based on the clinical history or physical examination. Information, including age, duration of diabetes, microvascular complications, macrovascular complications, smoking and alcohol drinking status, hypoglycemic medication, and antihypertensive medication, were obtained at the time of the BP measurement. Alcohol drinking status (everyday, social, never) and smoking status (current, past, or never smokers) were assessed by interview.
HBP measurements were performed using an automatic device (HEM-7080IC, Omron Healthcare, Kyoto, Japan) that uses the cuff-oscillometric method to generate a digital display of the heart rate and the SBP/diastolic BP values. This monitor is also capable of electronically storing BP measurements. HEM-7080IC employs the identical components and BP-determining algorithm as another device (HEM-705IT) that was previously validated and satisfied the criteria of the British Hypertension Society protocol. 14 All of the patients used this oscillometer for the first time in this study. They were instructed to perform triplicate morning and evening measurements for 14 consecutive days. Patients were not informed about the memory function of their BP monitoring devices. Morning BP measurements were made within 1 hour of waking, before eating breakfast or taking any drugs, with the patient seated and rested for at least 5 minutes. 15 Evening BP measurements were obtained in a similar manner just prior to bedtime. The cuff was placed directly around the nondominant arm, and the position of the cuff was maintained at the level of the heart.
Statistical analysis
Values are expressed as the means ± SD for continuous variables. A paired t-test was used to assess the difference between memory and logbook BP. Multivariate linear regression analysis was used to evaluated independent determinants of logarithm of UAE after adjustment for the following variables: BP level, hemoglobin A 1c , duration of diabetes mellitus, use of antihypertensive medication, urinary acid, which were known risk factors for nephropathy or were significantly related with logarithm of UAE in univariate regression analysis as covariates.
All statistical analyses were performed using JMP software (JMP; SAS Institute, Cary, NC).
RESULTS
The clinical characteristics of the patients are shown in Table 1 . Of the 276 patients, 118 (42.8%) had nephropathy, and 154 (55.8%) were treated with antihypertensive drugs. Mean and SD of morning SBP from the memory were 130.4 ± 16.1 and 8.5 ± 3.5 mm Hg, respectively. Mean and SD of morning SBP from the logbook were 129.6 ± 15.6 and 7.9 ± 3.2 mm Hg, respectively. Mean (P < 0.0001) and SD (P < 0.0001) of morning SBP from the logbook were significantly lower than those from the stored memory (Table 2) . SD of morning SBP among 3 × 14 measurements from the memory and from the logbook were 9.8 ± 3.4 and 9.2 ± 3.3 mm Hg, respectively. SD of morning SBP among 3 × 14 measurements from the logbook were also significantly lower than those from the stored memory (P < 0.0001).
Univariate linear regression analyses indicated significant positive relationships between logarithm of UAE and duration of diabetes, hemoglobin A 1c , uric acid, mean of morning SBP from the stored memory, mean of morning SBP from the logbook, SD of morning SBP from the stored memory, SD of morning SBP from the logbook, and the use of antihypertensive drug.
Multivariate linear regression analyses indicated that mean of morning SBP from the stored memory (β = 0.336, P < 0.0001) and the logbook (β = 0.326, P < 0.0001) were significantly associated with logarithm of UAE (Table 3) . On the other hand, SD of morning SBP from the stored memory (β = 0.140, P = 0.015) was significantly associated with logarithm of UAE, however, that from the logbook (β = 0.104, P = 0.057) was not associated with logarithm of UAE ( Table 4 ). The results of the relationship between mean or SD of evening SBP and logarithm of UAE are shown in Supplementary Tables 1 and 2 . Furthermore, multivariate linear regression analyses indicated that SD of morning SBP among 3 × 14 measurements from the stored memory (β = 0.132, P =0.0193) and the logbook (β = 0.126, P = 0.0231) were significantly associated with logarithm of UAE.
DISCUSSION
The present study indicated that SD of morning SBP from the stored memory was significantly associated with diabetic nephropathy, on the other hand, SD of morning SBP from the logbook was not.
There are a few studies that assessed the precision of selfmeasured BP reporting. [16] [17] [18] However, no study has compared the relationship between HBP data from the logbook and diabetic nephropathy with that between HBP data from the stored memory and diabetic nephropathy. Therefore, this is the first study which reveals that HBP variability from the logbook is less reliable than that from the stored memory to evaluate diabetic nephropathy.
In the present study, the results of multivariate linear regression analyses about the relationship between logarithm of UAE and mean of SBP were similar when we use HBP data from the stored memory or those from the logbook. It may be because the difference of the mean of HBP from the stored memory and the logbook was little, although there was a statistically significant difference. Mengden et al. 16 and Johnson et al. 18 have reported that there were no statistically significant differences between mean of HBP from the logbook and that from the stored memory. It might be that patients omitted the unexpected measurements those were higher or lower than expected from HBP report; therefore, mean of HBP from the logbook and the stored memory tended to be similar. For this reason, the relationship between diabetic nephropathy and mean of HBP were similar when we use HBP data from the stored memory or those from the logbook. On the other hand, the difference of SD of HBP from the logbook and the stored memory was marked in this study, and thus SD of HBP from the stored memory was only correlated with diabetic nephropathy. Therefore, we had better use HBP data from the stored memory when we evaluate diabetic nephropathy.
In the present study, variability of SBP among 3 × 14 measurements from the logbook was associated with logarithm of UAE, whereas day-by-day variability from the logbook was not. The reason for this difference is unclear. However, it is possible that variability of BP among 3 × 14 measurements Data are means ± SD or a number of patients. Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, highdensity lipoprotein; LDL, low-density lipoprotein; NDR, no diabetic retinopathy; OHA, oral hypoglycemic agent; PDR, proliferative diabetic retinopathy; SBP, systolic blood pressure; SDR, simple diabetic retinopathy. Data are means ± SD. Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
may reflect very short-term BP variability, in part, which represent a homeostatic response of neural, humoral, behavioral, and emotional stimuli. 19 Day-by-day variability is one of the most established components of BP variability and could predict the development of target organ damage. 19 Thus, we think the result derived from day-by-day variability is more reliable than that derived from variability of SBP among 3 × 14 measurements. Self-measured BP is more reproducible than office BP and ambulatory BP, and predicts cardiovascular risk better than office BP measurement. 20 Thus, the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2014) recommend that when there is a discrepancy of diagnosis between clinic BP and HBP, a HBP-based diagnosis should have priority. 21 Therefore, the studies with the use of self-measured BP will be expected to increase from now. When clinicians want to know the relationship between SD of HBP and diabetic nephropathy correctly, it may be helpful to use automatic devices that can store BP measurements. In the previous study, 11 we reported that the accuracy of HBP reporting was poorer in patients with poorly controlled glycemia or who smokes. Therefore, in these patients, it seems that the use of automatic devices that can store BP measurements, such as HBP telemonitoring, would be better.
The present study has some limitations. First, the number of patients was relatively small because we chose patients who had never borrowed a HBP monitor from us. However, the relationship between HBP data and diabetic nephropathy are statistically significant. A randomized controlled larger study or meta-analysis would be needed. Second, patients might have noticed the memory function, as mentioned on the face of the oscillometer and in the instruction manual. This knowledge might have resulted in reporting bias. If patients were aware of our aim to compare their BP measurements in the logbook with those recorded by the oscillometer, they might have written down their HBP values more correctly and reduced the gap with the stored BP measurements. However, because we provided the new logbook with the oscillometer to the patients in this study, patients seemed to believe that we would analyze their logbook data.
In conclusion, we had better use the HBP data from the stored memory to evaluate accurate correlation between diabetic nephropathy and HBP.
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